08/217,21 1, filed March 24, 1994, now abandoned; which is a continuation of Serial No. 
07/8 1 1 ,063 , filed December 20, 1991, now abandoned, and this application is a continuation- 
in-part of Serial No. 08/293,201 filed August 19, 1994 (now U.S. Patent 5,614,732); which 
was a continuation of Serial No. 07/967,564, filed October 28, 1992, now abandoned; which 
was a continuation of Serial No. 07/673,821, filed March 22, 19 9L now abandoned.- 



IN THE CLAIMS: 




Please cancel claims 1-20. 



Please add the following new claims: 




21. An active matrix display device having a pixel m)rtion and a peripheral circuit 
portion, said peripheral portion including at least one pair)?^omplementary p-channel and 
n-channel thin film transistors, and^aid^^xel porticjri including at least one thin film 
transistor, each of said transi^ors comprising: 

a crystallbie semiconductor islan^iy^ insulating surface, said semiconductor 
island having source and drain regions an^ cl?6 nnel regio n; 

a gate inflating m^n^j^^^ent/o at least said chaiinel region; and 
a gate electrod^^acW to said gate insulating film; 
a leveling film covering ej^h of said thin film tr^sistors in both of the pixel 
portion and a part of the peripheral circuit portion, 

wherein said semicor^ductor islahjl of^J^channel thin film transistor has a hole 
mobility in the range of 10 cm^ /V.sec^iijntSre aiM said semiconductor island of n-channel 
thin film transistor has an electron mobility in the range of 15 cm^ /V. sec or more, 

wherein at lea^t one of said semiconductor islands comprises boron at a 
concentration in the range pf 1x10^ to 1x10*^ cm"\ 
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wherein each of said semiconductor islands has a thickness m the range of 
5000 A or less. / 



22. A semiconductor circuit having a pixel portion and a shift register, said shift 
register including at least one pair of complementary p-channel and n-channel thin film 
transistors, and said pixel portion including at least one thin film transistor, each of said 
transistors comprising: / 

a crystalline semiconductor island on an insulatmg surface, said semiconductor 
island having source and drain regiops-and-a^annel region; 

a gate insulatip^ilm adjacent to\at leas/ said channel region; and a gate 
electrode adjacent to said/gate insulating film; / / 

a leveling^ film covering each of^id Itoijih^ in both of the pixel 

portion and the shift register, \ / 

wherein said semicondu^^islana of p-channel thin flilm transistor has a hole 
mobility in the range of 10 cmW'^sec or mo^ and said semiconductor island of n-charmel 
thin film transistor has an electron mobilit/ inihe range of LS^mW.sec or more, 

wherein at least one of said semfcondj^cror islands comprises boron at a 
concentration in the range of 1x10^^ XaXyAQ^^crrijK 

wherein each of said ^miconductor islands has a thickness in the range of 
5000 A or less. / / 

23. A semiconductor circuit having a pixel portion and an inverter said inverter 
including at least one pair oC(;omplementary p-channel and n-channel thin film transistors, 
and said pixel portion induding at least one thin film transistor, each of said transistors 
comprising: / 

a crystalline semiconductor island on an insulating surface, said semiconductor 
island having sourceyand drain regions and a channel region; 



a gate insulating film adjacent to at least said channel region; and 

a gate electrode adjacent to said gate insulating film; / 

a leveling film covering each of said thin film transi^ors in both of the pixel 

portion and the inverter, / 

wherein said semiconductor island of p-channel tmn film transistor has a hole 

mobility in the range of 10 cmW.sec or more and said semiconductor island of n-channel 

thin film transistor has an electron mobility in the range ofn 5 cmW.sec or more, 

wherein at least one of said semiconductor islands comprises boron at a 

concentration in the range of 1 s 1 ftJAiol x 10'^ cnK\ / 

wherein each ofsaid semiconductor islands has a thickness in the range of 

5000 A or less. / / / 

24. A semiconductor circuit^Mving af pixel portionj and a clocked inverter said 
clocked inverter including at lea^^e pak o^complementary p-channel and n-channel thin 
film transistors, and said pixel portion including at least ope thin film transistor, each of said 
transistors comprising: / \ y< 

a crystalline semiconductor islan^(5n an insulating surface, said semiconductor 
island having source and drain regioPis anid^ channel region; 

a gate insulating film adjacent to\t least said channel region; and a gate 
electrode adjacent to said gate in/ulating film; 

a leveling film covering each of said thin film transistors in both of the pixel 
portion and the clocked invecter, 

wherein said s/emiconductor island of p-channel thin film transistor has a hole 
mobility in the range of ID cmW.sec or more and said semiconductor island of n-channel 
thin film transistor has an electron mobility in the range of 15 cmW.sec or more, 

wherein/at least one of said semiconductor islands comprises boron at a 
concentration in the range of 1x10^ to 1x1 0*^ 
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wherein each of said semiconductor islands has a thicknes/ in the range of 
5000 A or less. 

25. An active matrix display device having a pixel portion and a peripheral circuit 
portion, said peripheral portion including at least one pair of complementary p-channel and 
n-channel thin film transistors, and said pixel portion including at least one thin film 
transistor, each of said transistors comprising: 

a crystalline semiconductor island on an insulating surface, said semiconductor 
island having source and drain regions and a channel regiom 

a gate insulating filpa^'^Syacen^^ at least ysaid channel region; and a gate 
electrode adjacent to said gateOnsulating film; 

a leveling film covering each of saifd tlyh film transistors in both of the pixel 
portion and a part of the peripheral circuit portion,> 

wherein said semicondi\ct^5;rdandyof p-channer^iin film transistor has a hole 
mobility in the range of 10 cm^A^^s^e^r more/and said semiconductor island of n-channel 
thin film transistor has an electron mobility in the range of 15/cmW.sec or more, and 

wherein at least one of saM semiconductor islands comprises boron at a 
concentration in the range of 1 x 1 0 ' ^ to 1 ^ 0 ^Xcm*^ to cpmrol an absolute value of a threshold 
voltage of said n-channel thin film transistor tolp^^bstantially the same as an absolute value 
of a threshold voltage of said p-charinel thip^ilki transistor, 

wherein each of saip sepriconducfpr islands has a thickness in the range of 
5000 A or less. 



26. A semiconductor circuit having a pixel portion and a shift register said shift 
register including at least/one pair of complementary p-channel and n-channel thin film 
transistors, and said pi?^l portion including at least one thin film transistor, each of said 
transistors comprising 

a crystalline semiconductor island on an insulating surface, said semiconductor 
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island having source and drain regions and a channel region; / 

a gate insulating film adjacent to at least said channel region; and a gate 
electrode adjacent to said gate insulating film; / 

a leveling film covering each of said thin film transistors in both of the pixel 
portion and in the shift register, / 

wherein said semiconductor island of p-channel thin film transistor has a hole 
mobility in the range of 10 cmW.sec or more and said semiconductor island of n-channel 
thin film transistor has an electron mobility in the ranger of 1 5 cmW.sec or more, and 

wherein at least one of-^s«d--S€micon(m islands comprises boron at a 
concentration in the range of IxKr ^ to 1x1 0*^ cm'^ to control an absolute value of a threshold 
voltage of said n-channel thm film transistor to be suDstantially the same as an absolute value 
of a threshold voltage of /said p-channel thin filnytransistor, 

wherein each of said semiconduct^^ has a thickness in the range of 
5000 A or less. \ \ 

27. A semiconductor circuit hsmng a pixel portion arid an inverter said inverter 
including at least one pair of complempWy p-channel and n4:hannel thin film transistors, 
and said pixel portion including at Least ohe thin film tFmisistor, each of said transistors 
comprising: / \ 

a crystalline semiconductor islaimon an insulating surface, said semiconductor 
island having source and drain regions a channel region; 

a gate insulating/film Mjacent to at least said channel region; and 

a gate electrode adjacent to said gate insulating film; 

a leveling film covering each of said thin film transistors in both of the pixel 
portion and the inverter, / 

wherein said semiconductor island of p-channel thin film transistor has a hole 
mobility in the range ot 10 cmW.sec or more and said semiconductor island of n-channel 
thin film transistor has an electron mobility in the range of 15 cmW.sec or more, and 



wherein at least one of said semiconductor islands comprises boron at a 
concentration in the range of 1x10*^ to 1x10** cm*^ to control an absolute value of a threshold 
voltage of said n-channel thin film transistor to be substantially same the^as an absolute value 
of a threshold voltage of said p-channel thin film transistor, 

wherein each of said semiconductor islands has a ^ickness in the range of 
5000 A or less. 



28. A semiconductor circuit having a pixel portion and a clocked inverter said 
clocked inverter including at least one pair of complementary p-channel and n-channel thin 
film transistors, and said pixel portion Jnchiding at least /ne thin film transistor, each of said 
transistors comprising: 

a crystalline^emiconductor island j^n /n insulating surface, said semiconductor 
island having source and drain regions and a/JhahneU;e^ 

a gate insulating filn\adj^p^ tpaX least said^hannel region; and 
a gate electrode adja^dk to safid gate insulatind film, 

a leveling film covering ohjph of said thin filn/ transistors in both of the pixel 
portion and the clocked inverter, 

wherein said semiconcidctor is\and o£0^channel thin film transistor has a hole 
mobility in the range of 10 cmW^i^ec or mor^^d said semiconductor island of n-channel 
thin film transistor has an electroih mobiUtJ^ in the range of 15 cmW.sec or more, and 

wherein at leasy one of said semiconductor islands comprises boron at a 
concentration in the range m 1 x 10*^ to 1x10** cm"^ to control an absolute value of a 
threshold voltage of said nhchannel thin film transistor to be substantially the same as an 
absolute value of a threshold voltage of said p-channel thin film transistor, 

whereinyeach of said semiconductor islands has a thickness in the range of 
5000 A or less. 



29. An aetive matrix display device having a pixel portion and a peripheral circuit 



4 
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portion, said peripheral portion including at least one pair of complementary p-(mannel and 
n-channel thin film transistors, and said pixel portion including at least /ne thin film 
transistor, each of said transistors comprising: 

a crystalline semiconductor island on an insulating surface, skid semiconductor 
island having source and drain regions and a channel region; 

a gate insulating film adjacent to at least said channel/egion; and 

a gate electrode adjacent to said gate insulating fill 

a leveling film covering each of said p-channel/and n-channel thin film 
transistors in both of the pixel portion and a part of the periph^al circuit portion, 

wherein said semiconducjotislamlof p-channe/thin film transistor has a hole 
mobility in the range of 10 cmW^ec or more and s^d sen/iconductor island of n-channel 
thin film transistor has an electron mobility in the ran/ge cuf 15 cmW.sec or more, 

wherein at least one of said semic^dyctor islands comprises boron at a 
concentration in the range of 1x10'^ to 1x10'* 

wherein each of said sem5^dnHucto|/islands has a^hickness in the range of 
5000 A or less, 

wherein each of said semiconductor islands/ comprises oxygen at a 
concentration not higher than 7x10'^ cm"\ 



30. A semiconductor circuit having a piM portion and a shift register said shift 
register including at least one pair of compfemenWy p-channel and n-channel thin film 
transistors, and said pixel portion jftcltding at least one thin film transistor, each of said 
transistors comprising: 

a crystalline semiconductor island on an insulating surface, said semiconductor 
island having source and draiji regions and a channel region; 

a gate insulamig film adjacent to at least said channel region; and 

a gate elect/ode adjacent to said gate insulating film, 

a levelinaf film covering each of said thin film transistors in both of the pixel 
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portion and the shift register, 

wherein said semiconductor island of p-channel thin film tran^stor has a hole 
mobility in the range of 10 cmW.sec or more and said semiconductor island of n-channel 
thin film transistor has an electron mobility in the range of 15 cmW.sec or more, 

wherein at least one of said semiconductor islands/comprises boron at a 
concentration in the range of 1x10*^ to 1x10*^ cm"^ 

wherein each of said semiconductor islands ha^a thickness in the range of 
5000 A or less, 

wherein each of said semiconductor islands comprises oxygen at a 
concentration not higher than 7x10*^ cm'\ 



31. A semiconductor circuit having a pix^r portion and an inverter said inverter 
including at least one pair ot complementary p-cMnnel and n-channel thin film transistors, 
and said pixel portion including at least one ^in film transistor, each of said transistors 
comprising: ' 

a crystalline semicondijptor island on an insulating purface, said semiconductor 
island having source and drain regions ana a channel region; 

a gate insulating film adjafcent to at least saidpfiannel region; and 

a gate electrode adjacem to said gate insulating film, 

a leveling film cove^g each ot^^dd thin film transistors in both of the pixel 
portion and the inverter, 

wherein said senficonductor island p-channel thin film transistor has a hole 
mobility in the range of lO/mW.sec or more and said semiconductor island of n-channel 
thin film transistor has ar/electron mobility in the range of 15 cmW.sec or more, 

wherein jki least one of said semiconductor islands comprises boron at a 
concentration in the range of 1 x 1 0 ^ ^ to 1x10^^ cm ^ 

whe^in each of said semiconductor islands has a thickness in the range of 
5000 A or less, 
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wherein eaeh of said semiconductor islands comprises ox^^en at a 
concentration not higher than 7x10'^ cm \ 




32. A semiconductor circuit having a pixel portion and a d^ked inverter said 
clocked inverter including at least one pair of complementary p-ch^el and n-chamiel thin 
film transistors, and said pixel portion including at least one thiXlm transistor, each of said 
transistors comprising: 

a crystalline semiconductor island on an ins/ating surface, said semiconductor 
island having source and drain regions and a channel /egion; 

a gate insul^tifigfilm a^^nt to at \Js&x said channel region; and 

a gate d^trode adjacent to kaid Mtte insulating film, 

a levQfing film cox^ing eyh^aidthin film transistors in both of the pixel 
portion and the clocked inverter, 

wherein said sj«^nd Wr island of p-chann^l thin film transistor has a hole 
mobility in the range of 10 cmW.sec^more and said s^iconductor island of n-chamiel 
thin film transistor has an electron/obilV in the rap^of 15 cmW.sec or more, 

wherein at least ohe of saidWllionductor islands comprises boron at a 
concentration in the range of^lO'^ to iXfO^cm"^ 

wherein eacj/of sai^emiconductor islands has a thickness in the range of 
5000 A or less, 

wherein/ each of said semiconductor islands comprises oxygen at a 
concentration not higher than 7x10'^ cm l 



33. A circuit aci( 
semiconductor is silicon 



ording to any one of claims 22-24, 26-28, and 30-32 wherein said 



V 



34. A circuit accordin^o any one of claims 22-24, 26-28, and 30-32 wherein said 
gate electrode comprises crystalKne silicon doped with phosphorus. 
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"S^. A circuit according to any one of claims 22-24, 26-28, and 30-32 wherein said 
gate electrode is a multilayer film of crystalline silicon doped with phosphorus and a metal 
film thereon^^aid metal comprising at least a material selected fi-om the group consisting of 
Mo, W, MoSi2,Xd WSi2. 

36. A circuit a^ording to any one of claims 22-24, 26-28, and 30-32 wherein said 
semiconductor island comprises oxygen at a concentration not higher than 1x10*^ cm l 

37. A circuit according^o any one of claims 22-24, 26-28, and 30-32 wherein said 
crystalline semiconductor island^xhibits a Raman peak shifted to a lower frequency side 
from 522 cm-^ 

38. A circuit according to claim 34. wherein said phosphorus doped in said crystalline 
silicon is at a concentration of 1x10^' to 5x^0^' cm l 

39. A circuit according to any one of claims 22-24, 26-28, and 30-32 wherein said 
source and drain regions of n-channel thin film transistor are introduced with phosphorus at 
a dose of 1x10^^ toSxlO^^cm l 

40. A circuit according to any one of claims 22-i^, 26-28, and 30-32 wherein said 
semiconductor island has a thickness of 500-5000 A. 



/ 41. An active matrix display^Ievice 
'portion comprising: 

a plurality of pixel electrod 
a first plurality of thin film 
insulating surface and being connec 




portion and a peripheral circuit 



nsulating surface; 
formed in the pixel portion on said 
electrodes; 
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a second plurality of thin film transistors being formed in the peripherafl circuit 
portion on said insulating surface, said second plurality of thin film transistors including at 
least one pair of complementary p-channel and n-channel thin film transistor^ 

a leveling film covering both of the first and second plurality of thin film 
transistors in the pixel portion and a part of the peripheral circuit portion; 

wherein said second plurality of thin film transistors in said peripheral circuit 
include channel semiconductor layers having at least one of an electron mobility 1 5 cm^ /V.s 
or more and a hole mobility of 10 cmW.s or more, / 

wherein each of the channel semiconductor layers comprises boron at a 
concentration in the range of 1x10*^ to 1x10*^ cm"^, / 

wherein each of said ch^iMlel semiconductc^ has a thickness of 5000 A 
or less. /I 

42. An active matrix display device inpfudkig a pixel portion and a peripheral circuit 
portion comprising: \ / X / / 

a plurality of pixel electrodes^nned on an insulating surface; 

a first plurality of thin film traijsist^being formeiiin the pixel portion on said 
insulating surface and being connected tc/said pixel electrodes; 

a second plurality of thin mm transistors bpmg formed in the peripheral portion 
on said insulating surface, said secono plurality of thin film transistors including at least one 
pair of complementary p-channel /nd n-channel thin film transistors; 

a leveling film covering both of the first and second plurality of thin film 
transistors in the pixel portior/and a part of the peripheral circuit portion, 

wherein saidysecond thin film transistors in said peripheral circuit include 
channel semiconductor myers comprising silicon in which oxygen is contained at a 
concentration not higher than 7x10*^ cm 

whereip each of said channel semiconductor layers has a thickness of 5000 A 
or less. / 
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43. A device accordin^o claim>l or42;;!wherein said semiconductor is silicon. 

44. A device according to^W^ 41 or 42 ^erein each of the first and second 
plurality of said thin film transistoi^ comprises a ^te electrode formed over said channel 
semiconductor layers having a^^te insulatingviHm therebetween. 



45. A device according to claim 44 wherein said gate electrode comprises crystalline 
silicon doped with phosphorus. 

46. A device according to claim 44 wherein said gate electrode is a multilayer film 
of crystalline silicon doped with phosphorus and a metal film thereon, said metal comprising 
at least a material selected from the group consisting of Mo, W, MoSij, and WSi2. 

47. A device according to claim 45 or 46 wherein said phosphorus doped in said 
crystalline silicon is at a concentration of 1x10^* to 5x10^* cm"^. 



[ A device according to claim 4^Rj^42^erein s 



exhibit a Raman peak shifted to a lower fr&uenoy side from 522 cm'^ 




^^^^ 49. A device according to any one of claims 21, 25, and 29 wherein said 
semiconductor is silicon. 

50. A device according to any one of claims 21, 25, and 29 wherein said gate 
electrode comprises crystalline silicon doped with phosphorus. 



51. A device according to any one of claims 21, 25, and 29 wherein said gate 
electrode is a multilayer film of crystalline silicon doped with phosphorus and a metal film 
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thereon, said metal comprising at least a material selected from the group consisting of Mo, 
W, MoSi2, and WSis. 

52. A device according to any one of claims 21, 25, and 29 wherein said 
semiconductor island comprises oxygen at a concentration not higher than 1x10*^ cm ^ 



li^^ ^ devic^ccording to any one of claims 21, 25, and 29 wherein said crystalline 
semiconductor island exhibits a Raman peak shifted to a lower frequency side from 522 cm"'. 



54. A device according to claim 30 or 31 wherein said phosphorus doped in said 
crystalline silicon is at a concentration of 1x10^* to 5x10^' cm"\ 




55. A device according to any 
drain regions of n-channel thin film transit 
1x10^ to 5x10^ cm-\ 




25, and 29 wherein said source and 
oduced with phosphorus at a dose of 



56. A device according to any one of claims 21, 25, and 29 wherein said 
semiconductor island has a thickness of 500-5000 A. 



'^yy/^ 57\A circuit according to any one of claims 22-24, 26-28, and 30-32, wherein said 
leveling film cbmprises an organic resin. 



58. A circuit acbej^ding to claim 57, wherein said organic resin is a transparent 
polyimide resin. 



c 



59. A device according to 



leveling film comprises an organic resin 




21, 25, 29, 41 and 42, wherein said 
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60. A device according to claim 59, wherein said organic resin is a transparent 
polyimide resin. 




61. A circuit according to any one of claims 22-24, 26-28, and 30;32rwherein said 
semiconductor island of p-channel thin film transistor has a hole mobility in the range of 200 
cmW.sec or less and said ^spH^cS^^ducto^island of n-c|>afmd thin film transistor has a 
electron mobility in the r^ge of 300 cm^A/sepiJfleSr^ 

62. A device according t^^^one of claims/21, 25, and 29, wherein said 
semiconductor island of p-chann^in filmWisistor h^a hole mobility in the range of 200 
cmW.sec or less and sai^miconductor islWM n-channel thin film transistor has a 
electron mobility in th^ange of 300 cmW<s^or less. 



\ 



63. A device according to ^m^y^erein Wid second plurality of thin film 
transistors in said peripheral circuit includ^^e^^l^el seniiconductor layers having at least one 
of an electron mobility 300 cmW.sXless and a^e mobility of 200 cmW.s or less. 




64. A circW according to any one of the claims 22-24, and 30-32, wherein said n- 
channel thin film tran^stor has an approximately same absolute value of a threshold voltage 
as said p-channel thin fiftn transistor. 



65. A device according to any one of the claims 21, 25, 29, wherein said n-channel 
thin film transistor has an approximately same absolute value of a threshold voltage as said 
p-channel thin film transistor. 

^■^^^ 66. A circuft according to claim 35 wherein said phosphorus doped in said crystalline 
siUcon is at a conceritration of 1x10^' to 5x10^' cm ^~ 
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